The trimming of fast-evolving sites, often known as "slow-fast" analysis, is broadly used in microbial 24 phylogenetic reconstruction under assumption that fast-evolving sites do not retain accurate phylogenetic 25 signal due to substitution saturation. Therefore, removing sites that have experienced multiple 26 substitutions would improve the signal-to-noise ratio in phylogenetic analyses, with the remaining slower-27 evolving sites preserving a more reliable record of evolutionary relationships. Here we show that, contrary 28 to this assumption, even the fastest evolving sites, present in conserved proteins often used in Tree of 29 Life studies, contain reliable and valuable phylogenetic information, and that the trimming of such sites 30 can negatively impact the accuracy of phylogenetic reconstruction. Simulated alignments modeled after 31 ribosomal protein datasets used in Tree of Life studies consistently show that slow-evolving sites are less 32 likely to recover true bipartitions than even the fastest-evolving sites. Furthermore, site specific 33 substitution-rates are positively correlated with the frequency of accurately recovered short-branched 34 bipartitions, as slowly evolving sites are less likely to have experienced substitutions along these 35 intervals. Using published Tree of Life sequence alignment datasets, we additionally show that both slow-36 and fast-evolving sites contain similarly inconsistent phylogenetic signals, and that, for fast-evolving sites, 37 this inconsistency can be attributed to poor alignment quality. Furthermore, trimming fast sites, slow sites, 38 or both is shown to have substantial impact on phylogenetic reconstruction across multiple evolutionary 39 models. This is perhaps most evident in the resulting placements of Eukarya and Asgardarchaeota 40 groups, which are especially sensitive to the implementation of different trimming schemes.
Through the use of both empirical and simulated datasets we also show that, besides the lack of Figure S2a ). Importantly, a higher consistency of phylogenetic signal observed for a given RSAP does not necessarily indicate greater phylogenetic accuracy, as the true underlying phylogeny remains unknown. so serves as a reasonable metric in the absence of a known true tree, even if such a metric does not 137 account for other possible sources of bias.
139
Short branched bipartitions are less consistently recovered from slow evolving sites 140 141
Slow-evolving sites are inherently less likely to experience substitutions along short branches subtree have branch lengths shorter than 0.05 substitutions/site, corresponding to 129.8 substitutions 145 among its 2,596-site alignment. Since SRC1 possesses an average site-specific substitution rate of 146 2.332e -2 (i.e., accumulating substitutions at a rate 2.332e -2 times slower than the average) these sites are 147 expected to experience 0.25 substitutions along a 0.05 branch length (0.194% of the total substitutions 148 characterizing the bipartition). Across the same branch length, sites from SRC12 are expected to accumulate 41.36 substitutions (31.86% of the total substitutions characterizing the bipartition) during the 150 same interval, as their average substitution rate is 3.8243 times faster than the average. Conversely, fast-151 evolving sites are more likely to undergo substitution saturation along a long-branched bipartition.
152
Comparing the relative compatibility of bipartitions recovered from each RSAP UFBoot sample to 153 bipartitions found in the tree generated from the full alignment (reference bipartitions), slow-evolving sites 154 are indeed less likely to recover short-branched reference bipartitions. The shorter a bipartition's branch 155 length, the less likely it is to be consistently recovered by slow-evolving sites (Figure 2a ); the faster an significant negative Spearman correlation between average site-specific substitution rate and median 158 branch length of reference bipartitions compatible with UFBoot samples ( ℎ = −0.972 and = 1.28 /0 ).
159
We define compatible reference bipartitions as those present in at least 80% of UFBoot sampled obtained 160 from a specific RSAP.
162
Slow evolving sites in simulated alignments are less likely to recover true tree bipartitions
164
Phylogenetic tests of actual sequence datasets can only reliably evaluate consistency across rate 165 categories, rather than accuracy, given that the true underlying tree is inferred rather than known.
166
Therefore, to further assess the accuracy of phylogenetic reconstruction across SRCs, we generated a 167 dataset containing 100 simulated sequence alignments using a known true-tree phylogeny. A random 168 tree topology with 1,000 leaves using a branch length distribution modeled after branch lengths observed 169 within the Hug et al. dataset's phylogeny was generated and used as a guide tree for sequence 170 simulation (Dataset S1). Simulated alignments were then generated by evolving a random starting 171 sequence using the average amino acid composition and substitution frequencies observed in the Hug et from each simulated alignment was then used to generate 1,000 UFBoot tree samples.
175
The results of the simulated data analyses were in agreement with those observed for the Hug et 
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LG+G. Boxplot positions along the X axis represent the average site specific substitution rate of its sites. 
